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subpopulations  aire  the  antigen  specific  bone  marrow-derived  (B)  cell,  the  anti- 
gen specific  thymus-derived  (T)  cell,  and  a third  extremely  heterogenous  popu- 
lation of  leukocytes  - the  monocyte  or  the  accessory  cell  (A  cell) . 

\^This  report  describes  the  results  of  this  year's  experiments  to  reduoe  the 
post  bum  incidence  of  fatal  s^sis  by  (1)  rapidly  identifying  emd  segregating 
those  individuals  that  are  at  greatest  risk  of  sepsis;  (2)  delineating  the 
nature  of  the  bum  induced  iimiune  defect;  and  (3)  characterizing  those  mechcui:- 
isms  by  vhich  therml  injury  causes  irmune  aberrations.  Understanding  of  these 
mechanisms  may  allow  development  of  far  forward  prophylactic  measvnres  which 
could  prevent  thermal  injury  from  inducing  immune  defects.  Experimental  data 
derived  from  our  patient  studies  have  allowed  us  to  develop  assays  for  detectinc 
early  immune  ancrtalies  and  to  delineate  the  cell  type(s)  involved  in  these 
aberrations.  Our  murine  model  has  been  primarily  utilized  to  characterize  the 
mechanisms  by  vrfiich  thental  injury  causes  the  development  of  immune  defects. 

The  most  pertinent  results  from  this  year's  research  can  be  simmarized  as 
follows:  Those  thermally  injured  individuals  who  will  be  unable  to  contadn  an 
infectious  challenge  have  leukocytes  which  are  PHA  hyporesponsive  beginning  at 
days  4-6  post  bum.  All  other  thermally  injured  patients  have  unchanged  or 
hyper-responsive  leukocytes  in  the  PHA  assay.  85  percent  of  the  bum  patients 
whose  lymphocytes  were  hyporesponsive  in  the  PHA  assay  later  suocunbed  to 
septic€mi^>5'  These  same  PHA  hyporesponsive  leukocytes  would  suppress  the 
allogenic  specific  mixed  lympl:xx:yte  response  of  normal  human  leukocytes.  The 
suppressive  cell  in  these  hum  patients'  leukocyte  population  was  identified  as 
a T lymphocyte.  These  data  indicate  that  the  development  of  excessive  sv5:pres- 
sor  T lymphKxyte  activity  is  one  of  the  pathological  consequences  of  severe 
thermal  injury.  Additionally,  excessive  inhibitory  macrophage  activity  was 
demonstrated  as  developing  after  severe  travma. 

Whether  this  inhibitory  macrophage  develops  as  a result  of  T suppressor  action 
is  being  investigated.  Characterization  of  the  cell  types  involved  in  the 
decreased  iitmunoconpetence  seen  after  bums  is  preliminary  to  development  of 
appropriate  therapy. 
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Contract  #DAMD  17-77-C-7012 
Introduction 


The  high  incidence  of  fatal  septicemia  associated  with  severe 
thermal  injury  is  believed  to  result  from  loss  of  immunocompetence. 
This  laboratory  has  been  able  to  identify  those  burn  patients  who 
are  at  greatest  risk  for  developing  fatal  sepsis  by  detecting  the 
loss  of  certain  immune  functions  by  cells  of  these  patients.  Direct 
burn  induced  immune  dysfunction  can  result  from  aberrations  in  any 
of  the  three  general  types  of  leukocytes  which  cooperatively  mediate 
the  generation  of  immune  function.  These  three  leukocyte  subpopula- 
tions are  the  antigen  specific  bone  marrow-derived  (B)  cell,  the 
antigen  specific  thymus-derived  (T)  cell,  and  a third  extremely 
heterogenous  population  of  leukocytes  - the  monocyte  or  the  accessory 
cell  (A  cells) . 

This  report  describes  the  results  of  this  year's  experiments  to 
reduce  the  post  burn  incidence  of  fatal  sepsis  by  (1)  rapidly  identi- 
fying and  segregating  those  individuals  that  are  at  greatest  risk  of 
sepsis;  (2)  delineating  the  nature  of  the  burn  induced  immune  defect; 
and  (3)  characterizing  those  mechanisms  by  which  thermal  injury 
causes  immune  aberrations.  Understanding  of  these  mechanisms  may 
allow  development  of  far  forward  prophylactic  measures  which  could 
prevent  thermal  injury  from  inducing  immune  defects.  Experimental 
data  derived  from  our  patient  studies  have  allowed  us  to  develop 
assays  for  detecting  early  immune  anomalies  and  to  delineate  the  cell 
type(s)  involved  in  these  aberrations.  Our  murine  model  has  been 
primarily  utilized  to  characterize  the  mechanisms  by  which  thermal 
injury  causes  the  development  of  immune  defects. 

Methods 


Human  studies 


Patients  with  greater  than  20%  full  thickness  burns  are  the 
primary  donors  of  abnormal  leukocytes.  Leukocytes  are  obtained  by 
venipuncture  from  consenting  patients.  Normal  volunteers  are  donors 
of  control  human  leukocytes.  Appropriate  safety  precautions  are 
always  observed.  Minors,  prisoners,  pregnant  women  and  the  mentally 
handicapped  are  excluded  as  donors.  Mononuclear  cells  are  isolated 
from  the  peripheral  blood  by  Ficoll-Hypaque  gradient  centrifugation 
(1) . Patient  mononuclear  populations  can  be  further  depleted  of 
T cells,  monocytes  and/or  B cells.  The  T lymphocytes  are  depleted 
by  removing  the  cells  binding  to  neuraminidase  treated  sheep  red 
blood  cells  (SRBC)  on  a Ficoll-Hypaque  gradient  (2).  Monocytes  are 
removed  by  passing  the  mononuclear  population  over  Sephadex  G-10 
columns  (3).  The  B cells  can  be  removed  by  nylon  wool  filtration 
of  the  cell  population  (4) . 


We  monitor  the  ability  of  patient  and  normal  mononuclear  cell 
populations  to  respond  to  phytohemagglutinin  (PHA)  (5) . This  non- 
specific mitogen  response  requires  the  cooperative  interaction  of 
monocytes  and  T cells  (6). 

We  have  detected  burn  induced  aberrations  in  the  immune  regula- 
tory functions  of  patients'  cells  using  a modification  of  the 
classical  mixed  lymphocyte  response  (MLR) . In  our  MLR  system  a 
highly  responsive  combination  of  cells  from  two  normal  individuals 
are  cultured  in  a "one  way"  MLR  (7^  In  this  assay  one  of  the 
normal's  cells  are  pretreated  with  mitomycin  C (MC)  to  prevent  their 
division  (5).  Consequently,  this  "one  way"  MLR  assay  measures  the 
ability  of  one  normal's  cells  (Responder=R)  to  proliferate  in  response 
to  the  foreign  histocompatibility  antigens  on  another  normal's  cells 
(Stimulator=S) . We  compare  the  effect  of  adding  either  burn  patient 
cells  or  MC  treated  responder  cells,  on  the  amount  of  proliferation 
in  the  MLR  cultures. 

Murine  experiments 

In  each  experiment,  BDFj^  or  C^^bI/S  inbred  mice  of  16-18  weeks 
of  age  are  obtained  from  the  Diablo  Mouse  Colony  at  the  University 
of  California  at  Berkeley.  Under  light  metafane  anesthesia,  litter- 
mate  mice  are  shaven  and  then  divided  in  two  groups.  One  group 
receives  a 10-20%  scald  burn  with  95°  water  for  5 seconds  (experi- 
mental mice)  while  the  second  group  is  not  burned  (sham-control 
mice).  At  specific  times  after  injury,  2-4  mice  from  each  group 
are  sacrificed.  These  animals'  spleens  are  removed,  teased  into 
single  cell  suspensions  and  cultured  in  vitro  with  sheep  erythro- 
cytes using  a modification  of  the  MisEell-Dutton  culture  technique  (8). 
We  monitor  thermal  injury  effects  on  immunocompetence  by  measuring 
the  formation  of  specific  antibody  forming  cells  (AFC).  This  system 
facilitates  detection  of  cell  immunoregulatory  interactions. 

"A"  and/or  T leukocytes  are  depleted  or  isolated  from  the  burned 
mice.  Purified,  syngeneic,  normal  or  control  leukocytes  are  added 
to  these  depleted  thermally  injured  populations.  In  this  manner, 
normal  A or  T cells  are  supplied  to  the  immunodepressed  burned 
mice's  cells.  These  experiments  examine  whether  supplying  normal, 
functional  A or  T cells  restore  the  ability  of  the  thermally  injured 
leukocyte  population  to  generate  normal  numbers  of  specific  AFC.  "A" 
cells  are  depleted  from  leukocyte  populations  according  to  the  method 
of  Ly  and  Mishell  (3).  T cells  are  lytically  removed  from  leukocyte 
populations  by  treatment  of  the  splenocytes  with  anti-T  cells  antisera 
and  complement  (9).  Leukocyte  populations  are  depleted  of  B cells  by 
irradiation.  "B"  cells  can  also  be  depleted  from  Splenocyte  popula- 
tions by  passing  the  cell  preparations  over  nylon  wool  columns  (10). 
These  nylon  wool  columns  remove  A cells,  as  well  as  B cells. 

The  in  vitro  generation  of  AFC  is  assayed  using  the  slide  modi- 
fication oT  the  Hemolytic  Plaque  Assay  (11).  Leukocyte  recovery 
from  cultures  is  determined  by  counting  a sample  of  the  harvested, 
cultured  cells  on  a Coulter  Counter  (Model  ZH) . The  number  of  AFC 


are  calculated  for  each  pool  of  duplicate  background  plaques  and 
expressed  as  AFC/10”  recovered  spleen  cells.  Allogeneic  condition 
media  is  produced  as  described  (12).  In  order  to  augment  A cell 
function,  2-mercaptoethanol  (2ME)  is  sometimes  added  to  cultures 
at  a final  concentration  of  5 x 10“5  m. 

Results 


The  research  supported  by  this  army  contract  has  resulted  in 
the  development  of  a simple  assay  for  detection  of  those  patients 
which  are  at  greatest  risk  of  developing  fatal  septicemia.  An 
increase  in  suppressor  T cell  activity  was  demonstrated  as  resulting 
from  thermal  injury  in  our  murine  model.  These  data  lead  to  the 
design  of  a modification  of  the  MLR  response  to  detect  suppressor 
cell  activity  in  burn  patients'  mononuclear  cells.  We  not  only 
demonstrated  that  human  suppressor  cell  activity  increased  after 
burns,  but  also  that  the  suppressive  cell  was  in  fact  a T cell. 

The  mechanism  of  burn  mediated  reduction  of  immunocompetence  has 
been  investigated  both  in  our  murine  model  and  in  patients.  We  have 
demonstrated  that  a macrophage  (0)  defect  occurs  concomitant  to  the 
development  of  T cell  suppressors  in  our  murine  model.  A similar  0 
defect  appears  to  be  present  in  burn  patients.  Finally,  we  have 
developed  an  ^ vitro  system  to  measure  a specific  primary  AFC  response. 

The  need  to  develop  a simple  monitoring  system  for  burn  patient 
immune  capacity  was  approached  by  examining  mitogen  responses.  Pre- 
vious investigators  had  published  data  showing  that  the  average  PHA 
response  of  burn  patients  was  increased  over  the  average  PHA  response 
of  normals  (13,  14).  When  we  examined  the  individual  PHA  responses 
of  burn  patients  at  various  times  after  thermal  injury,  we  obtained 
divergent  results.  Examination  of  the  PHA  responses  of  a large  number 
of  normal  individuals  revealed  that  the  population  did  not  have  a nor- 
mally distributed  PHA  response  (Fig.  1) . Averaging  PHA  responses  tends 
to  obscure  all  but  the  most  dramatic  changes.  Any  one  individual,  how- 
ever, repeatedly  tested  in  our  system,  has  a PHA  response  which  varies 
not  more  than  11%  (Table  I).  Our  initial  study  of  burn  patients'  PHA 
responses  revealed  that  the  PHA  response  of  all  surviving  patients 
studied  eventually  returned  to  the  initial  1-2  day  post  burn  level 
(Fig.  2).  Consequently,  we  used  this  1-2  day  response  as  each  patient's 
normal  PHA  control  level  or  100%  response. 

In  studies  on  23  burn  patients  with  acute  thermal  injury  (see 
Table  II),  we  have  found  a 100%  correlation  between  reduction  of  patients' 
cells'  mitogen  responsiveness  and  development  of  life  threatening  sepsis. 
As  illustrated  in  Fig.  3,  all  patients  succumbing  to  fatal  sepsis  showed 
a markedly  decreased  PHA  response  that  preceded  any  evidence  of  sepsis  by 
4 to  6 days.  In  striking  contrast,  mononuclear  cells  from  patients  who 
had  infectious  episodes,  but  no  severe  sepsis,  had  increased  PHA  re- 
sponses (Fig.  4a).  The  two  oatients  who  survived  severe  sepsis  showed 
first  a decreased  response,  then  a dramatic  increase  (Fig.  5) . Those 
patients  with  a sepsis  free  clinical  source  showed  essentially  no 
change  in  their  PHA  response  over  time  (Fig.  4c) . The  arrows  on  these 
figures  indicate  the  onset  of  clinically  detectable  sepsis.  These 
data  suggest  that  a simple  mitogen  test  could  be  performed  at  far 
forward  locations.  Those  patients  identified  as  unable  to  contain 
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infectious  challenge  (=30%  of  patient  >30%  third  degree  burned  in 
this  study)  could  be  segregated  and  immediately  removed  to  a more 
complete  hospital  facility.  Those  patients  not  requiring  such  care 
could  be  treated  at  field  hospitals.  The  PHA  hyporesponsiveness 
seen  in  the  group  of  burn  patients  could  result  from  a defect  in  0 and/ 
or  T cell  proliferative  function  or  an  increase  in  the  regulatory 
activity  of  suppressor  T cells  or  inhibitor  0. 

The  availability  of  more  sophisticated  techniques  and  genetic 
information  in  the  murine  antibody  forming  cell  system  (AFC)  has 
allowed  us  to  more  closely  characterize  the  burn  induced  immune 
defect.  As  we  have  previously  demonstrated,  a 20%  scald  burn  severe- 
ly depresses  development  of  a de  novo  antibody  forming  cell  response 
in  mice.  This  defect  is  not  tKe  result  of  a bursal  equivalent  cell 
(B  cell)  defect.  The  B cells  from  burned  mice  can  prodiKe  antibody 
normally  in  cooperation  with  normal  syngeneic  T cells  and  macrophage. 

As  the  data  in  Table  III  illustrate,  the  addition  of  syngeneic  splen- 
ocytes  from  burn  mice,  to  cultures  of  normal  splenocytes  will  prevent 
the  normal  cells  from  generating  a de  novo  antibody  forming  cell 
response.  Addition  of  the  same  numEers  of  splenocytes  from  sham 
injured  animals  augments  the  numbers  of  AFC  generated.  The  T cells 
were  depleted  from  the  burn  mouse  splenic  population  by  treatment 
with  anti-e  sera  and  complement.  Specific  removal  of  the  T cells 
removed  the  suppressive  activity.  These  data  indicate  that  suppressor 
T cells  are  generated  as  a result  of  thermal  injury.  These  suppressor 
T cells  then  prevent  the  induction  of  immme  responses  to  subsequently 
invading  organisms. 

These  results  in  the  murine  system  lead  us  to  develop  a modifica- 
tion of  the  MLR  which  is  specifically  adapted  to  detection  of  suppres- 
sive cells  in  patients'  mononuclear  populations.  In  our  modified  MLR 
systems,  we  employ  reduction  of  a "one  way"  MLR  response  between  two 
normal  individuals  as  an  indicator  of  suppression.  Peripheral  blood 
mononuclear  cells  from  normal  volunteers  were  isolated  by  Ficoll- 
Hypaque  sedimentation  as  described  under  Methods.  One  group  of 
normal's  cells  were  mitomycin  C (MC)  treated  to  prevent  their  cells 
from  responding.  A second  group  of  normal's  cells  were  assayed  for 
their  proliferative  response  to  a variety  of  MC  treated  normal  stimula- 
tors' cells.  Twelve  highly  responsive  "one  way"  normal  combinations 
were  selected  from  the  normals  screened.  Mononuclear  cells  from  burn 
patients  were  collected  at  3-day  intervals  after  injury.  The  ability 
of  these  patient  cells  to  suppress  the  3H-TdR  incorporation  of  the 
highly  responsive  normal  "one  way"  MLR  was  assessed.  Cell  numbers 
were  kept  constant.  We  were  aware  that  this  test  system  would  usually 
detect  only  nonspecific  suppression. 

Only  in  the  rare  cases  where  the  burn  patient's  cells  and  the 
normal  responder's  cells  were  histocompatible  would  both  specific  and 
nonspecific  depression  be  detected.  The  results  of  these  experiments 
are  depicted  in  Table  IV. 
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It  is  apparent  that  addition  of  mononuclear  cells  from  those 
burn  patients  who  were  hyporesponsive  to  PHA  severely  suppressed 
t the  normals'  MLR.  This  suppressive  activity  of  the  burn  patient's 

I cells  was  not  due  to  cell  crowding,  nonspecific  cell  death,  or 

allogeneic  stimulation  of  suppression.  Only  cells  from  those  burn 
! ' patients  who  had  depressed  PHA  responses  exhibited  suppressive 

[ activity  in  this  system  (Table  V).  Normal  individuals,  or  moderate- 

ly burned  patients'  cells  did  not  significantly  suppress  the  normals' 

MLR.  In  fact,  these  severely  burned  patients'  cells  were  suppressive 
only  at  a time  when  their  PHA  response  was  depressed  (=5-7  days  post 
injury)  and  not  immediately  after  their  injiury  (Fig.  7). 

The  identity  (0,  T or  B)  of  the  suppressive  cell  in  burn 
patients'  leukocyte  populations  is  being  investigated.  Removal  of 
the  T cells  from  the  burn  patients  mononuclear  populations  (by  roset- 
ting  techniques)  resulted  in  reduction  of  their  suppressive  activity 
(Fig.  8) . These  data  implicate  the  T cell  population  as  the  suppres- 
sor. However,  there  is  suggestive  evidence  from  our  MLR  system  that 
two  si:?5pressive  cells  may  be  generated  after  burns.  This  evidence  is 
that  the  Mitomycin  C sensitivity  of  the  suppressor  cell  changes  with 
time  (Table  VII) . The  suppressor  T cell  previously  reported  in  human 
leukocyte  populations  is  usually  Mitomycin  C sensitive.  In  contrast, 

0 inhibitors  are  Mitomycin  C resistant.  The  mechanism (s)  by  which 
these  suppressive  T cells  act  to  reduce  immunocompetence  and  the 
mechanism  which  causes  them  to  be  generated  after  burns  is  being 
examined  in  our  mouse  model. 

In  a new  murine  experimental  design,  \/e  investigated  the  possi-  j 

bility  that  T suppressor  cells  depress  general  immianocompetence  after 
bvurns  by  interfering  with  0 function  in  immme  induction.  This  is  a 
well  established  pathway  for  some  artificially  stimulated  murine  sup- 
pressor T cells.  Such  a pathway  has  not  been  previously  demonstrated 
as  occurring  as  a result  of  pathology,  however.  In  preliminary  experi- 
ments it  appears  that  0 activity  is  decreased  in  thermally  injured 
animals  (Table  VIII) . If  the  murine  model  indicates  that  a 0 dysfxmc- 
tion  results  from  T suppressor  action,  we  will  initiate  0 depletion 
experiments  using  burn  patients'  mononuclear  cells.  It  is  very  likely 
that  burn  induced  suppressor  T cells  can  affect  monocyte  activity. 

We  have  already  identified  an  inhibitory  0 as  mediating  the 
mitogen  hyporesponsiveness  we  have  defined  in  splenectomy  patients 
(Fig.  9ab) . Depletion  of  these  0 allows  the  patients'  T cells  to 
proliferate  normally  (Fig.  9cd) . There  is  also  considerable  evidence 
in  the  literature  to  indicate  that  inhibitory  monocytes  act  as  regula- 
tors of  normal  human  immune  responses.  The  current  hypothesis  is  that 
unbalancing  of  the  proportions  of  these  monocytes  in  the  total 
letikocyte  populations  can  result  from  patient  pathology  and  cause  immune 
hyporesponsiveness.  The  same  experimental  design  we  have  used  to 
V examine  splenectomy  patients'  0 activity  is  now  being  initiated  for 

testing  burn  patients'  mononuclear  cells.  Preliminary  data  from  this 
type  of  experimental  design  indicate  that  an  inhibitory  0 is  generated 
after  thermal  injury.  Depletion  of  the  0 from  burn  patients'  mononu- 
clear cell  populations  reverses  their  PHA  hyporesponsiveness  (Table  VIII) . 


-6- 


r i 

I ; 


I 


Another  immune  fvnction  which  can  be  assessed  in  burn 
patients  is  the  development  of  specific  antibody  forming  cells. 

The  monitoring  of  the  development  of  AFC  provides  a direct 
measiorement  of  the  burn  patients'  ability  to  resist  infection. 

The  kinetics  and  advent  of  depression  of  AFC  generation  can  be 
compared  with  the  appearance  of  suppressive  activity  for  the  MLR 
and  the  onset  of  depression  of  the  mitogen  response.  The  in  vitro 
generation  of  specific  AFC  appears  to  be  an  efficacious  me^od  to 
evaluate  human  leukocytes  function.  It  also  was  particularly 
suited  to  separately  examining  A cell  facilitation  due  to  the  kind 
of  AFC  system  we  ha'v®  developed. 

We  are  still  attempting  to  improve  our  methods  for  monitoring 
patient  immunocompetence . Inhibitory  0 appear  primarily  in  the 
peripheral  blood  (PB)  leukocyte  population.  These  inhibitory  0 
occur  even  in  normal  human  PB.  It  is  these  inhibitory  0 which 
have  hampered  the  development  of  an  ^ vitro  measurement  of 
patients'  ability  to  generate  a primary  specific  antibody  forming 
cells  (AFC)  response.  Assessment  of  the  ability  to  generate  a 
de  no  VO/  specific  AFC  response  represents  the  best  measurement  of 
patient  immunocompetence.  We  have  been  utilizing  0 purified 
from  bronchial  washouts  combined  with  autologous  0 depleted  peri- 
pheral blood  lymphocytes  to  generate  specific  AFC  responses 
(Table  IX) . The  drawbacks  to  this  system  are  that  it  is  limited  to 
intubated  patients  and  requires  instilling  some  fluid  into  patients' 
pleural  cavities.  We  are  examining  an  additional  approach  for  cir- 
cmventing  the  action  of  inhibitory  0 in  generation  of  ^ vitro 
specific  AFC.  Recent  experiments  reported  in  the  literature  have 
indicated  that  inhibitory  0 regulate  by  secretion  of  prostaglandin  I^i-2 
(15).  Several  reports  of  reversing  this  inhibitory  0 effect  by 
addition  of  indomethacin  (a  prostaglandin  inhibitor)  have  been  pvib- 
lished.  We  reasoned  that  it  might  be  possible  to  incorporate  indo- 
methacin into  the  PB  cell  cultures  at  micromolar  concentrations, 
thereby  reversing  the  inhibitory  0 effects.  The  results  of  such 
experiments  are  illustrated  in  Table  X.  As  can  be  seen,  indomethacin 
inclusion  allows  the  iji  vitro  generation  of  specific  AFC  from  PB 
mononuclear  cells.  The  indomethacin  alone  does  not  act  as  a poly- 
clonal stimulator  calling  nonspecific  secretion  of  immmoglobulin. 

Indomethacin  containing  cultures  without  Ag  produce  no  AFC. 
Consequently,  we  feel  that  the  indomethacin  system  holds  great 
promise  for  the  development  of  a specific  AFC  response  utilizing 
only  patient  PB  cells. 

Discussion 

The  data  obtained  during  this  contract  year  established  that 
the  burn  patient,  who  is  at  increased  risk  of  sepsis,  can  be 
identified  by  detecting  a progressive  loss  of  his  mononuclear 
cells'  mitogen  responsiveness.  These  patients'  cells  develop  this 
immune  aberration  at  approximately  4 to  6 days  post  injury.  Those 
burn  patients  who  will  subsequently  be  unable  to  contain  an  infec- 
tious challenge  showed  decreased  ability  to  generate  a response  to 
PHA.  Concomitant  to  their  loss  of  mitogen  responsiveness,  these 
burn  patients  develop  suppressive  cells  in  their  mononuclear  cell 
population.  Whether  these  suppressor  cells  are  responsible  for  the 
PHA  hyporesponsi veness  seen  in  these  patients  is  being  investigated. 
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The  suppressive  cells  in  these  burn  patients'  leukocytes  were 
identified  as  being  suppressor  V cells.  It  is  of  interest  to 
note  that  the  time  of  appearance  of  immune  depression  in  the  burn 
patient  (4-5  days  post  injury)  is  identical  to  the  onset  of 
immune  dysfunction  (loss  of  AFC  response)  previously  identified 
using  our  burned  mouse  model. 


In  our  murine  biarn  model  we  have  determined  that  suppressor 
T cells  are  generated  in  the  burned  mice  at  4-5  days  post  injury. 
It  is  these  suppressor  T cells  which  are  causing  the  loss  of  immu- 
nocompetence  in  the  burned  mice.  Significantly,  the  burn  patients 
also  were  demonstrated  as  developing  suppressor  T cells.  It 
would  seem  highly  likely  that  these  burn  induced  suppressor  T 
cells  are  also  responsible  for  the  increased  susceptibility  to 
infections  seen  in  burn  patients.  We  have  developed  a test 
system  which  enables  us  to  examine  the  generation  of  specific  AFC 
using  human  peripheral  blood  cells.  Employing  this  new  human  AFC 
test  system,  we  should  be  able  to  definitively  investigate  how 
burn  induced  su^ipressor  T cells  affect  patient  immunocompetence. 
The  indomethacin  system  may  provide  a new  means  of  accurately 
assessing  any  patients'  immunocompetence  after  injury.  The  indo- 
methacin system  requires  only  10  ml  of  peripheral  blood  from  the 
patients.  It  is  much  more  adaptable  to  experiments  in\restigating 
the  kinetics  of  loss  of  immunocompetence  after  burns.  However, 
the  BW  system  is  more  applicable  to  dissecting  possible  A cell 
de fects. 


We  have  already  established  that  certain  trauma  patients  show 
a progressive  loss  of  their  ability  to  generate  specific  AFC. 
Utilizing  our  i^  vitro  AFC  system,  we  expect  to  demonstrate  that 
burn  patients'  cells  also  lose  their  ability  to  generate  specific 
AFC  responses.  Most  importantly,  our  AFC  system  appears  to 
identify  those  patients  who  are  likely  candidates  for  septic 
complications . 


There  is  another  important  aspect  of  these  experiments  which 
examine  the  effect  of  thermal  injury  on  immunocompetence.  This 
aspect  is  the  determination  of  how  burns  cause  immune  anomalies. 
Utilizing  our  murine  model  we  have  uncovered  a loss  of  monocyte 
immune  function  after  burns.  It  has  been  demonstrated  that 
adequate  r'cnocyte  function  is  crucial  to  proper  initiation  of 
the  immune  response  (16) . In  the  absence  of  proper  0 activity, 
suppressor  T cells  are  stimulated  in  preference  to  helper  T 
cells  (17) . Consequently,  one  of  the  mechanisms  by  which  thermal 
injury  could  unbalance  the  immune  system,  would  be  via  depressing 
monocyte  (A  cell)  function.  We  are  currently  analyzing  monocyte 
functionally  in  the  burn  patients.  We  have  already  shown  that 
burned  mice  develop  suppressor  T cells  and  have  a J3  dysfunction. 

We  have  also  demonstrated  that  burn  patients  have  aberrant  levels 
of  suppressor  T cells.  We  are  attempting  to  establish  that  burn 
patients  develop  a progressive  monocyte  dysfunction  which  precedes 
their  development  of  suppressive  T cells.  We  are  also  investigating 
the  cause-effect  relationships  between  the  appearance  of  burn 
patients'  suppressor  T cells  and  the  onset  of  a monocyte  dysfunction. 


S 


-8- 


Identification  of  all  the  immime  cellular  defects  occurring  in 
the  burn  patient  and  delineation  of  the  onset  time  of  these 
defects  permits  initiation  of  proper  immunotherapy.  Understand- 
ing the  mechanisms  by  which  burns  compromise  immunocompetence 
may  allow  development  of  far  forward  prophylactic  measures  which 
would  prevent  thermal  injury  from  inducing  such  defects. 

Conclusions 

A subset  of  patients  with  30%  third  degree  btirns  have  been 
demonstrated  as  developing  PHA  hypo responsiveness  at  4 to  6 days 
post  injury.  This  siabset  of  burn  patients  subsequently  developed 
severe  septic  complications.  It  appears  that  development  of  PHA 
hyporesponsiveness  can  be  used  as  an  indicator  of  those  burn 
patients  at  greatest  risk  of  septic  mortality.  Additionally,  it 
was  shown  that  severe  thermal  injury  caused  the  development  of 
T suppressor  cells  in  both  a controlled,  burn  murine  model  and 
in  patient  groups.  The  significance  of  the  appearance  of  these 
suppressor  T cells  to  loss  of  patient  immmocompetence  was  dis- 
cussed. The  development  of  a monocyte  defect  after  thermal 
insult  was  established  as  occurring  in  our  murine  model.  Abro- 
gation of  monocyte  function  results  in  unbalancing  of  the  immune 
network  and  predisposing  the  immune  response  toward  regulation 
(i.e.  suppressor  T cells).  Conseq xently , it  is  suggested  that 
thermal  injury  may  result  in  a loss  of  immunocompetence  and 
increased  susceptibility  to  infection  by  causing  progressive 
loss  of  monocyte  function. 
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RESTRICTED  VARIATION  OF  PHA  RESPONSE 


FOR  ANY  ONE  INDIVIDUAL'S  MONONUCLEAR  CELLS^ 


Normal 

I 

Date  tested 

CPM^ 

10/2 

61,777 

10/18 

79,895 

10/31 

72,395 

11/15 

68,283 

c 

12/6 

56,693 

X CPM  67,335  + 

6,768  (10%) 

1/6 

71,008 

1/17 

67,764 

1/23 

62,801 

2/10 

65, 396 

Normal 

II 

Date  tested 

CPM 

10/13 

98,695 

11/4 

101,866 

11/22 

85,261 

X CPM  92,235  + 

8,306  (9%) 

1/12 

97,823 

2/6 

88,237 

2/13 

81,530 

a 

b 

c 

Average  of  triplicate  cultures'  response  to  1 ug  PHA. 

Change  in  CPM  of  incorporated  H-TdR  in  mitogen  stimulated  minus 
unstimulated  cultures. 

Mean  of  all  separate  experiments  + one  standard  deviation.  The 

standard  deviation  is  also  given  as  a percent  of  the  X response. 

TABLE  I 

Table  II 
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Clinic*!  Data  cn  Bum  faticnts 


PaCienC 

« 

Sex 

Age 

Area 

Burn  . 

lung^ 

Clinical 

Course  (?osc 

• 

Bum  Ddv) 

22® 

X3° 

Sepsis' 

Organlsa 

Ouccoo.e 

Croup  I 

1-M 

45 

— 

60  . 

S 

S(  7) 

S.  aureus 

DicdC  8) 

2-M 

27 

— 

45 

S 

S(21) 

E.  coll 

Oicd(29} 

3-« 

37 

10 

45 

V 

S(12) 

E.  coll 

DLed(23) 

4-F  • 

70 

10 

35 

5 

S(10) 

Fseudoconas 

Dled(l2) 

5-F 

20 

— 

65 

s 

S{12) 

ClebsleUa 

0icd(14) 

6-M 

66 

20 

15 

5 

S(15) 

Enterococci 

Died (4 5) 

SC42) 

Cseudonacas 

7-M 

SS 

10 

45 

S 

S(15) 

Klebsiella 

lived 

S-X 

27 

80 

M 

S(  8) 

S.  aureus 

. Lived 

Croup  II 

• 

9-S 

29 

63 

10 

M 

MdS) 

S.  aureus 

Lived 

10-M 

35 

20 

20 

S 

M(18) 

EnCerobacCer 

Lived 

n-M 

76 

20 

10 

s 

X(20) 

Klebsiella 

Died  of 

MX  (85) 

12-M 

43 

15 

15 

S 

K(15) 

E.  coll 

Lived 

Croup  III 

13-M 

24 

11 

35 

S 

ti 

— 

Lived 

14-F 

45 

28 

5 

N 

H 

— 

Lived 

15-F 

42 

10 

20 

il 

y 

— 

Lived 

16-M 

21 

20 

5 

X 

K 

— 

Lived 

17-M 

21 

— 

30 

M 

M 

— 

Lived 

* Orisec  day  of  pathology. 

t Pulnionacy  Involvcaanc:  S • cevcre:  M « coJerace;  S - none. 

1 Degree  of  clialcal  sepsis:  S • severe;  X » r-oderacc;  S " none. 
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REDUCED  IN  VITRO  GENERATION  OF  ANTIBODY  FORMING  CELLS  BY  SPLENOCYTES  FROM  THERMALLY  INJURED  MICE 


*^Probab  11  ity  values  for  difference  between  thermally  Injured  and  sham  Injured  calculated  using  the 
paired  T test. 


Mltovyeln  traatad  paclant  ealla  atlnulatlng  noraial  raapanaar  ealla. 

Dacraaaa  In  ACFH  eauaad  by  addition  of  patlant  ealla  without  Mltooyeln  ttaatoant  (f)  or  with  troatoont  (P,). 


Table  VII 


Defective  Activity  of  0 After  Thermal  injur's 


Burn  0 + 


Normal  T-B 


Sham  0 + 


Norm  T-B 


Norm 

Unseparated 

(0-T-B) 


Norm  T-B 


Burn  0 


Alone 


Sham  0 


Alone 


X AFC/10  recovered  cells 


Exp  1 


2030 


1229 


Exp  2 


1523 


1403 
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11,249 


89,657 


6 

186 

78,239 

8 

26,045 

87,390 

13 

21,473 

87,659 

20 

26,115 

90,507 

33 

23,790 

100,344 

-17- 


1 


I 

t . 

I 


SPECIFIC  AFC  GENERATED  FROM  MIXTURES 
OF  AUTOLOGOUS  BRONCHIAL  WASH  AND  P.B.  CELLS 

ANTIBODY  FORMING  CELLS/10^  RECOVERED  CELLS 


UNFILTERED  FILTERED  UNFILTERED  P.B.  FILTERED  P.B. 
P.B.  P.B.  + + 

Bronchial  wash*  Bronchial  wash* 


10^ 

5 X 10^ 

0 

0 

0 

31 

— 

0 

0 

0 

20 

92 

0 

0 

0 

18 

65 

10 

0 

21 

60 

227 

20 

9 

15 

— 

208 

17 

0 

25 

— 

239 

0 

0 

0 

20 

89 

10 

0 

12 

— 

163 

*AFC  of  B.W.  alone  ^10. 

Table  IX 


Final  indomethacin  concentration  in  culture  (10' 


NON-BtNOMIAL  DISTRIBUTION  OF  NORMAL  PHA  RESPONSES 


pha  responses  after  thermal  injury 


NORMAL 

MITOGEN 

RESPONSE 


DAYS  AFTER  THERMAL  INJURY 


Figure  4 


PHA  RESPONSES  IN  BURN  PATIENTS 
SURVIVING  SEPSIS 


NORMAL 

MITOGEN 

RESPONSE 


4 


12 


20 


30 


DAYS  AFTER  THERMAL  INJURY 

Ficrure  5 


SUPPRESSION  OF  NORMAL  MLR  BY 
BURN  PATIENT  CELLS 


DAYS  POST  INJURY 


Fig.  2.  Removal  of  suppressive  activity  from  mononuclear  cells  of  bum  patients  by  T-cell  depletion. 
Percentage  suppression  represents  the  percentage  decrease  in  proliferation  of  the  normal  “one-way” 
MLR  following  addition  of  patient  cells  collected  at  various  times  after  ii\jury . The  clear  bars  represent 
the  suppressive  activity  of  untreated  patient  ceils,  and  the  cross-hatched  bars  illustrate  the  decrease  in 
suppressive  activity  when  patient  cells  are  depleted  of  T cells  and  then  added  to  the  normal  MLR. 


DEPRESSION  OF  SPLENECTOMY  PATIENTS’  PHA  RESPONSE! 
AT  10T015  DAYS  AFTER  SURGERY 


^H-TdR 

INCORPORATED 


REVERSAL  OF  HYPORESPONSIVENESS  BY  DEPLETION 
OFINHIBTORY  MACROPHAGE 


P =.025 
Figure  9 
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